Effects of ultraviolet irradiation on the carbohydrate metabolism of Paramecium aurelia by Kasturi Bai, A.R. & Manjula, M.K.
ACTA PROTOZOOLOGICA 
VOL. 14 (No. 3/4) WARSZAWA, 31. XII. 1975 pp. 327-336 
Department of Zoolgy, Bangalore University, Bangalore, 560001 India 
A. R. KASTURI BAI and M. K. MANJULA 
Effects of Ultraviolet Irradiation 
on the Carbohydrate Metabolism of Paramecium aurelia 
Synopsis. Tbe chromatographic analysis of the polysaccharide purified from Pa­
ramecium aurelia showed the presence of galactose and arabinose as monomers 
in 1 :3.14 ratio. The total polysaccharide level increased in first five minutes expo­
sure to UV irradiation of 7.829 x 10-12 ergs at 2537 A. Later on, the level gradually 
-depleted with duration of irradiation. The total free sugar levels in the ciliates showed 
an opposite trend. When the active paramecia were incubated in a medium con­
sisting of glucose, galactose and arabinose, it is demonstrated that the sugar is incor­
porated into the polysaccharide. This in vitro synthesis is affected by irradiation time. 
Five minutes irradiation inhibited the synthesis witb all substrates. Irradiation for 
longer periods inhibited incorporation of glucose but not the other monomers. 
The amylase activity at 5.2 pH increased substantially during 10 min irradiation. 
Later on, the original activity was restored. Irradiation affected the oxygen consump­
tion of tbe organisms and resulted in cytolysis. It is discussed that UV irradiation 
disturbs the carbohydrate metabolism of the paramecia causing alteration in the 
amylase molecule and ultimately denatures the enzymic activity. 
Introduction 
The effects of UV rays oo the growth and metabolism of protozoans are multifa­
rious (Giese 1941). UV irradiation increases the vacuolar activity of Amoeba proteus 
(Rinald i  1959 a), induces pinocytosis in Amoeba (Rinaldi  1959 b), causes cytolysis 
(Weinstein 1930) and plasmolysis in Paramecia (Hutchinson and As hton  
1931) and alters the sodium and potassium ion movements in Tetrahymena (Andrus  
1961). However, the physiological state of  the protozoan determines these UV irra­
diation effects (Giese 1967). For example, starvation or nutritional status (Giese 
and Reed 1940), species-specific resistance to irradiation (Alpatov and Nastju­
kova 1934) and the state of hydration (Shepard 1956) influence and determine the 
extent of cellular or metabolic damage by irradiation. All these reports have been 
oriented to demonstrate the effects of UV irradiation localized in the cytoplasm of 
ciliates. Some of these effects are sensitization to heat, changes in ciliary activity, 
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immobilization etc. (Giese and Crossman 1946). AU these changes are known to 
occur due to molecular lesions leading to changes in the structural or enzymatic 
proteins caused by UV irradiation. In spite of these a few attempts have been made 
to study the effects of irradiation on enzymatic activity and respiratory metabolism 
(Herbert  and Roth 1953). In this paper, a few changes in the carbohydrate meta­
bolism of Paramecium aure/ia on time course of exposure to UV rays have been de­
scribed. 
Mater ia l s  a n d  Methods 
Stock Culture 
Stocks of the ciliate, Paramecium aurelia were grown in autoclaved Dryl's solution (Dryl 
1970). These were fed once in  three days with Aerobacter aerogenes grown separately on agar slants. 
Once a month, the culture medium was tested for bacterial contamination. The culture was main ­
tained purely monaxenic. The ciliates were fed 48 h prior to experimentation. 
UV Source 
The UV source consisted of a Philips UV tube mounted inside a chamber. This emitted UV 
rays of wavelength 2537 A (7.829 x 10-12 ergs). The samples were placed at a constant distance 
of 54 cm from the source. For studying the various effects, the exposure time was altered. 
Estimation of Total Polysaccharides 
After UV irradiation for 5, 10, 15, 20 and 25 min, the ciliates were collected into pellets 
by centrifugation for 5 min at 2000 rpm. The pellet was dissolved in 2 ml of 1 N sodium hydro­
xide and heated for 10 min. After cooling, 3 ml of ethanol was added for precipitating the poly­
saccharide. The precipitate was dissolved in 5 ml of anthrone reagent (0.1% anthrone in 72% sul­
phuric acid) and boiled for 10 min, cooled and read at 630 nm in Beckman DU2 spectrophoto­
meter (Carrol et al. 1956). Pure glucose was used as standard. 
Estimation of Proteins 
The proteins were estimated by the method of Lowry et al. (1951). The samples were pre­
pared by deproteinizing with 10% trichloroacetic acid and the precipitate was dissolved in 0.1 
sodium hydroxide. 
Chromatographic Analysis 
The polysaccharides were precipitated with ethanol as described previously and hydrolysed 
in 6 N hydrochloric acid and spotted for chromatography. Using Whatman No. 1 filter paper, 
two dimensional descending chromatograms were run using n-butanol: acetic acid: water (4: 1 :  l, 
v/v/v) as the first solvent and ethyl acetate: acetic acid : water (3 :3: 1, v/v/v) as the second sol­
vent. Aniline hydrogen oxalate was used as spray (Charalampous and Mueller 1953). Glucose, 
galactose and arabinose standards were purchased from the British Drug Houses, Private Ltd. 
For quantitative studies, parallel samples were run using the same amount of samples (25 
iambda). One was sprayed and in the other the area was identified. The cut strips were refluxed 
ln 2 ml of distilled water for two hours. The colour was developed with anthrone reagent and read 
in Beckman DU2 spectrophotometer at 630 nm. 
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Estimation of Total Free Sugars 
The procedure adapted was similar to that of total polysaccharides, but the pellet obtained 
after centrifugation of the culture was directly homogenized in absolute alcohol and the free sugars 
in the supernatant fluid was detennined using antbrone reagent. 
In vitro Synthesis of the Polysaccharide 
The ciliates were irradiated and immediately carbon dioxide was bubbled into the medium 
for 2 -3 min. After 30 min, one ml aliquots were taken. With one aliquot, protein was estimated 
by the method of Lowry et al. (1951). With the second aliquot, the immediate level of polysaccha­
ride was determined. This served as the control. The third aliquot was incubated at 25° C with 
glucose or galactose or arabinose for 30 min and the amount of polysaccharide was determined. 
To the fourth aliquot, 1 ml of epinephrine was added (0.001 g/mJ) and after 30 min incubation 
.at 25° C, the total polysaccharide content was determined. 
Amylase Activity 
After irradiation, the pellet of the ciliates was obtained and homogenized in distilled water. 
The supernatant was used as the enzyme sample and the amylase activity was determined as de­
scribed by Bernfeld (1955). The substrate consisted of 1% starch solution buffered with citrate­
phosphate buffer from pH range 5.0 to 6.0 and 0.0067 M sodium chloride. Proteins were estimated 
fa the enzyme sample by the method of Lowry et al. (1951). 
Respirometry 
About 12 000 ciliates were concentrated in two ml of medium and introduced into a Warburg 
flask. 0.5 ml of freshly prepared 10% potassium hydroxide was placed in the centre well and the rate 
of oxygen consumption was determined using Warburg apparatus (Precision Instruments, Chicago) 
at 25° C. The thermobarometer consisted of 2 ml of distilled water. For irradiation studies, the ci­
liates were exposed to UV rays in the Warburg flask prior to respiromctry. 
Results 
48 000 organisms yielded one mg of protein as estimated by the method of Lowry 
et al. (1951). Active paramecia show 730±36 µg of polysaccharide per mg protein 
(Fig. I). 
Paper chromatographic analysis (Fig. 2) showed that the polysaccharide is a com­
plex carbohydrate with galactose and arabinose polymers. 
On irradiation, the levels of the carbohydrate expressed per unit protein showed 
variations (Fig. 1). Five minutes exposure increased the carbohydrate or polysac­
charide level. Later on, the level gradually depleted with time of irradiation. It is 
evident from Fig. 1 that the total free sugars per unit protein decreased initially 
and showed a slight increase upto IO min UV irradiation. After 10 min irradiation, 
the total free sugars gradually depleted to a lower value. 
The monomer composition is not affected by UV irradiation. (Table I) since the 
ratio of arabinose to galactose were maintained constant despite the irradiation time. 
When the active paramecia were incubated in a medium consisting of glucose, 
330 A. R. KASTURI BA( AND M. K. MANIULA 
1000} 
l aoot 
� 600 
� 
� 
� 400 
8 
� � 200 
0 5 10 15 20 
Minutes UV irradiation 
25 
Fig. 1. Changes in the levels of carbohydrate content of Paramecium aurelia due to UV irradia. 
tion. A - Total polysaccharide content, B - Total free sugar level 
Table J 
Changes in the Monomer Component Levels of the 
Polysaccharide of Paramecium aurelia Due to UV 
Irradiation 
Irradiation time 
(minutes) 
control 
5 
10 
15 
20 
25 
Ratio of Arabinose/Galactose 
Table 2 
3.14 
3.14 
3.18 
3.22 
3.19 
3.17 
In vitro Synthesis of Polysaccharide in Paramecium aurelia 
Irradiation time (minutes) 
Rate: µg polysaccharide/h/mg/protein Substrate 
Glucose Galactose Arabinose 
Control 62.5±5.2 28.7±9.2 18.45±2.31 
5 Inhibited Inhibited Inhibited 
10 Inhibited 3.53 0.45 
15 Inhibited 4.87 3.41 
20 Inhibited 
25 Inhibited 
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Fig. 2. Two-dimensional chromatograms of the 
hydrolysate of the purified polysaccharide extra­
cted from Paramecium aurelia. Sample showed the 
presence of galactose and arabinose as monomers 
galactose or arabinose, it is shown that the sugar is incorporated into a polysaccha­
ride. Among these sugars, glucose seems to be efficiently incorporated than ga­
Jactose and arabinose. In vitro synthesis of polysaccharide is affected by irradiation 
time (Table 2). Five minutes irradiation completely inhibits the polysaccharide 
synthesis with all substrates. Irradiation for longer periods inhibits glucose incor­
poration completely, but galactose and arabinose are utilized by the organisms for­
synthesis. 
Figure 3 illustrates the changes in the level of the total polysaccharide due to 
exposure of organisms to UV irradiation and epinephrine. Epinephrine is known to. 
induce glycogenolysis in higher animals. Under epinephrine in vitro stress, the 
paramecia deplete 30% of the total polysaccharide content after 5 min UV irradia­
tion. Later on, the polysaccharide is restored to about a level of 10% depletion of 
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Fig. 3. Percent polysaccharide depleted due to the exposure of Paramecium aure/ia to exogenously 
added epinephrine (1 mg/ml) medium for 30 min and UV irradiation 
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Fig. 4. Specific activity of amylase in the neutral homogenates of Paramecium aurelia. A - Control 
homogenate, B, C, D and E - Homogenates of 5, 10, 15 and 20 min UV irradiated Paramecium 
aurelia respectively 
the total polysaccharide. Irradiation for longer duration tends to increase the deple­
tion of the polysaccharide. 
The amylase activity (Fig. 4) is drastically affected by UV irradiation. The spe­
cific activity at 5.2 pH increases substantially during 10 min irradiation. Later on, 
the original activity is restored. The influence of pH on the enzyme activity is affected 
by irradiation. The control paramecia showed only one activity peak in the pH 
activity profile. Irradiation increased the number of peaks, the second one appearing 
at 5.8 pH. 
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Fig. 5. Percent depletion of endogenous protein of Paramecium aure/ia due to UV irradiation 
Figure 5 illustrates the depletion of the total protein content. There was no change 
in the total protein content of the organisms up to 10 min duration. 25 minutes 
exposure seems to be lethal as the organisms lose 60% of proteins. 
Irradiation affects oxygen consumption of the organisms. Five min exposure in­
creased the rate of oxygen consumption. The consumption decreased rapidly on fur­
ther exposures. After 25 min irradiation, there was practically no respiration (Fig. 6). 
Discussion 
The occurrence of a polysaccharide with galactose and arabinose monomers 
in Paramecium aure/ia is an interesting observation since typical animal glycogen 
as in Tetrahymena pyriformis (Manners and Ryley 1952), starches as in flagell­
ates (Bourne et al. 1950), amylopectin in rumen ciliates and paraglycogen as in 
gregarines (Ryley 1967) are known to occur as storage carbohydrates in protozoa. 
The polysaccharide of the present study maintains a monomer ratio of arabi11ose: 
galactose as 3.14 irrespective of irradiation effects. 111 vitro the animals absorb glu­
cose to synthesize this polymer more efficiently than galactose or arabinose (Table 2). 
It is presumed that there must be some enzymatic mechanism existing in the organism 
in vivo to convert absorbed glucose into arabinose and galactose as the latter sugars 
are not present in the medium. 
The results presented clearly demonstrate that the effects of UV irradiation are 
time dependent. The time course of changes observed in specific amylase activity 
(Fig. 4), epinephrine sensitive glycogenolysis (Fig. 3), oxygen consumption (Fig. 6) 
and catabolism of total polysaccbaride and free sugars (Fig. l) illustrate the typical 
"shock reactions" described by Grainger (1958). There are overshoot responses 
as seen in amylase activity, Q02 and polysaccharide level due to the irradiation of 
animals for 5 min contrary to an "undershoot" response as described in free sugar 
level (Fig. J)  and in vitro polysaccharide synthesis (Table 2). 
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Fig. 6. Oxygen consumption (µI 02/h/12000 Paramecium aure/ia) measured in Warburg flasks 
at 25°C in Dryl's solution 
The organism seems to show certain adaptation for the irradiation phenomenon, 
although the latter causes appreciable amount of damage in the form of cytolysis 
(Fig. 5) on longer exposures. This adaptation is noticeable between 5 and 15 min 
period of irradiation. Upto this period, the UV irradiation is not manifested in le­
thal effects (Fig. 5). Longer exposures resulted in permanent impairments like cyto­
lysis (Fig. 5) and death (Fig. 6) probably due to the effects of UV rays causing mo­
lecular lesions leading to structural and enzymatic changes. 
Another interesting observation from the present data is the impairment of car­
bohydrate metabolism in the organism due to UV irradiation. Synthesis of polysa.:­
charide (Table 2) is inhibited by the exposure. Longer exposures increase the cata­
bolization (Fig. l) of glycogen as well as free sugars, inhibit the oxygen consumption 
(Fig. 6) and amylase activity (Fig. 4). UV irradiation also brings forth an 'anomaly' 
in the pH profile curves of amylase activity. Normal organisms inhibited only one 
peak activity at pH 5.2, but on either longer of shorter exposure to UV rays, the 
enzyme inhibited another pH optimum around pH 5.8. The appearance of new peak 
could be attributed to the release of SH groups of the enzyme due to UV irradiation 
as has been shown in many enzymes subjected to specific agents releasing the SH 
groups (Ka tz  1970). It is presumed that the UV irradiation causes an alteration in 
the amylase molecule and ultimately denatures it so that the specific activity is lo­
wered. 
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ZUSAMMENFASSUNG 
Die chromatographische Analyse von Polysaccharid, das aus Paramoecium aure/ia in reiner 
Form erhalten wurde, zeigte die Anwesenheit von Galak:tose and Arabinose als Monomere im 
Verhaltois 1 :3.14. Die Gesamthohe des Polysaccharids nahm zu in den ersten 5 Minuten bei 
UV-Bestrahlung von 7.829 x 10·12 erg bei 2537 A. Mit weiterer Bestrahlung nahm die Polysaccha­
ridhohe allmahlich ab. Die Gesamthohen von freiem Zucker bei den Ziliaten weisen dagegen den 
wngekehrten Verlauf auf. Als die aktiven Paramecien in eioem aus Glukose, Galaktose und Ara­
binose bestehenden Medium inkubiert wurden, wurde nacbgewiesen dass der Zucker in das Poly­
saccharide inkorporiert wurde. Diese in vitro-Synthese wird von der Bestrahlungsdauer .Beeioflusst. 
Bestrahlung Uber 5 Minuten verhinderte die Synthese bei alien Substraten. Bestrablung Uber Jangere 
Perioden verhioderte den Einbau von Glukose, aber nicht den Einbau der anderen Monomere. 
Die Arnylasenaktivitat nahm bei 5.2 pH wiihrend einer Bestrahlungsdauer von 10 Minuten wesen­
tlich zu. Danach wurde die anfangliche Aktivitat wiederhergestellt. Die Bestrahlung beeinflusste 
auch die sauerstoffaufnahme der Organismen und fiihrte zur Zytolyse. Es wird auch gezeigt, dass 
die UV-Bestrablung den kohlehydratenabbau der Paramaicien stort und dedurch zur Veranderung 
des Amylasemolektils und schliesslich zur Denaturierung der Enzymaktivitat fiihrt. 
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